Center, ASD. I n t h e past, t h e m a j o r i t y o f t h e Manufacturing Technology (MANTECH) programs were d i r e c t e d toward assistance t o p r i v a t e i n d u s t r y i n t h e i r conducting DoD weapons system programs, w i t h s p i n -o f f s t o commercial production. More r e c e n t l y , increased emphasis has been p u t on programs t o a s s i s t t h e A i r Force L o g i s t i c Centers (ALCs) i n t h e i r maintenance and r e p a i r o f a i r c r a f t and engines. T h i s area i s known as Repair Technology, o r REPTECH, as a p a r t o f MANTECH. A i r f r a m e and engine o r i e n t e d programs may contains a modicum o f NDE e f f o r t b u t t h e establishment o f NDE systems i s accomplished m a i n l y by separate MANTECH programs.
techno1 ogy programs a r e conducted by t h e Army, Navy, and A i r Force w i t h c o o r d i n a t i o n through t h e Manufacturing Technology Advisory Group (MTAG) and v a r i o u s o t h e r conferences, symposia, and workshops. Establishment o f f e a s i b i l i t y f o r NDE programs i s achieved by t h e NDE Branch o f t h e M a t e r i a l s Laboratory, o t h e r Government agencies, and i n d u s t r y . programs a r e a l s o e s t a b l i s h e d by t h e DOD I n d u s t r i a l modernization I n c e n t i v e s Programs ( I M I P ) ( f o r m e r l y known as Technical Modernization, o r TECH MOD, i n t h e A i r Force). 
STATEMENT OF PRINCIPLES FOR THE DOD MANTECH PROGRAM.

NDE PROJECT CRITERIA Technical F e a s i b i l i t y can be Well d e f i n e d DoD need w i t h t i m e l y P r i v a t e i n d u s t r y w i l l n o t i n v e s t a t A n t i c i p a t e d p r o j e c t r e s u l t s a r e generic
MANTECH PROGRAM OBJECTIVES To s i g n i f i c a n t l y improve t h e p r o d u c t i v i t y and responsiveness o f t h e i n d u s t r i a l base by engagina i n i n i t i a t i v e s which: I n s u r e t h e economical p r o d u c t i o n o f q u a l i t a t i v e l y s u p e r i o r weapons systems on a t i m e l y b a s i s . ( o v e r a l l improvement i n manufacturing c o s t and qual i t y )
Reduce DoD m a t e r i a l a c q u i s i t i o n c o s t s through advanced manufacturing processes, techniques and equipment. (Hore bang f o r t h e buck! Bridge t h e gap from R&D t o production.
Foster g r e a t e r use o f computer technology i n a l l elements o f manufacturing.
Assure more e f f e c t i v e i n d u s t r i a l i n n o v a t i o n i s s t i m u l a t e d by reducing c o s t and r i s k .
Assure manufacturing processes a r e s a f e and meet environmentallenergy conservation o b j e c t i v e s .
Improve export/import balance.
These o b j e c t i v e s have a b e n e f i c i a l s p i n -o f f t o consumer goods.
REPTECH CRITERIA INSPECTION
1) The p r o j e c t must s a t i s f y a c u r r e n t o r expected AFLC depot need w i t h a technology t h a t i s n o t a v a i l a b l e " o f f t h e s h e l f " .
2) Technical f e a s i b i l i t y o f t h e p r o j e c t must have been demonstrated i n a l a b o r a t o r y environment.
The need cannot be s a t i s f i e d on a t i m e l y b a s i s from o t h e r known programs.
The p r o j e c t must have s u b s t a n t i a l b e n e f i t s t o AFLC depots.
The r e s u l t s o f t h e p r o j e c t w i l l n o r m a l l y have more than one a p p l i c a t i o n w i t h i n t h e AFLC depot operations.
3)
4)
5)
REPTECH OBJECTIVES
Develop and a p p l y technology advances i n AFLC depot r e p a i r operations which improves readiness, c a p a b i l i t y and s u s t a i n a b i l i t y .
Develop and implement a p p r o p r i a t e technology t o e s t a b l i s h , upgrade o r modernize manufacture, r e p a i r , maintenance and q u a l i t y c o n t r o l .
I n t r o d u c e new technology i n t o depot r e p a i r o p e r a t i o n s which improves s a f e t y and environmental needs.
Achieve maximup p r o d u c t i v i t y growth and c o s t e f f i c i e n c y .
REPTECH programs a r e reviewed by DoD and i n d u s t r y semi-annually i n a REPTECH Conference.
Some c u r r e n t KANTECH programs i n WRDC a r e : AIRFRAME Bonded S t r u c t u r e Repair Center Composite Repair Center Automated P a i n t S t r i p p i n g System Automated D e r i v e t i n g System P a r t s Rep1 i c a t i o n ENGINES Rotor Stacking System I n t e g r a t e d Welding and G r i n d i n g (IWAG) Geometric Modeling Thermal Spray Thickness Gage S i n g l e C r y s t a l Blade Repair N i c k e l Boron P l a t i n g OC-ALC F l e x i b l e Repair Center Retirement f o r Cause/NDE I n t e g r a t e d Blade I n s p e c t i o n System (IBIS) I n -s e r v i c e I n s p e c t i o n System f o r Composites Improved U1 t r a s o n i c Equipment X-ray Computed Tomography (CT) Advanced Transducer Production (ARIS) (Pul ser/Receiver) Some s i g n i f i c a n t p a s t MANTECH NDE programs a r e : Photogrammetry Eddy Current Disk I n s p e c t i o n Capacitance Hole Probe Automated Dimensional I n s p e c t i o n I n s p e c t i o n f o r Cracks Under Fasteners
RETIREMENT FOR CAUSE/NDE
The o b j e c t i v e o f t h i s program i s t o develop an automated i n s p e c t i o n system t o d e t e c t f l a w s i n gas t u r b i n e engine components. The system implements t h e A i r Force Retirement f o r Cause (RFC) p h i l o s p h y i n which good used engine p a r t s a r e r e t u r n e d t o s e r v i c e , and flawed p a r t s a r e removed o r " r e t i r e d f o r cause".
Most high-performance j e t engine components have r e l a t i v e l y s h o r t design l i f e t i m e s a f t e r which t h e y are scrapped o r " r e t i r e d f o r l i f e " . T h i s i s p r i m a r i l y due t o t h e f a c t t h a t : t h e m a t e r i a l s and f a b r i c a t i o n techniques used i n making these components have reduced t h e components' t o l e r a n c e f o r small defects; and t h e small d e f e c t s a r e beyond c u r r e n t , r e l i a b l e Nondestructive E v a l u a t i o n (NDE) f l a w d e t e c t i o n techniques. r e t i r e these components i s based on a f r a c t u r e mechanics s t a t i s t i c a l judgement ... %hen 1 o u t o f 1,000 p a r t s c o u l d have a f a t i g u e crack l i k e l y t o grow and cause c a t a s t r o p h i c enaine f a i l u r e , a l l 1,000 p a r t s a r e discarded". Thus, 999 good p a r t s a r e discarded t o i n s u r e t h a t one s t a t i s t i c a l l y e x i s t e n t d e f e c t i v e p a r t has bpen removed. The RFC concept i s based on improving and automating c u r r e n t NDE d e t e c t i o n c a p a b i l i t y so t h a t t h e one d e f e c t i v e p a r t can be r e l i a b l y i d e n t i f i e d and removpd from s e r v i c e , and t h e remaining 999 good p a r t s r e t u r n e d t o s e r v i c e . C u r r e n t l y , t h e d e c i s i o n t o r e t a i n o r
The t e c h n i c a l e f f o r t on RFC/NDE program i s based on previous WRDC and DARPA e f f o r t s and incorporates s t a t e -o f -t h e -a r t and proven NDE technologies. The system i s modular, u t i l i z e s standard communication i n t e r f a c e s , and has e x t e n s i v e computer c a p a b i l i t y t o p r o v i d e f l e x i b i l i t y and e x p a n d a b i l i t y . The i n i t i a l system i n s t a l l e d a t t h e San Antonio A i r Force L o g i s t i c s Center (ALC) c o n s i s t s o f four eddy c u r r e n t and cne u l t r a s o n i c i n s p e c t i o n s t a t i o n and an o p e r a t o r console, a l l c o n t r o l l e d by two VAX 11.780 system computers. These computers perform advanced data processing, system i n t e r f a c e , f l a w s i g n a l a n a l y s i s and a l l o w f o r r e t e n t i o n o f h i s t o r i c a l f l a w data f o r each engine component inspected. Another eddy c u r r e n t s t a t i o n i s on order. One eddy c u r r e n t s t a t i o n w i l l be i n s t a l l e d a t Oklahoma C i t y ALC i n mid-89 w i t h planned number s i m i l a r t o SA-ALC. Estimates by P r a t t & Whitney A i r c r a f t and the A i r Force based on t h e c u r r e n t F-100 engine maintenance r a t e s i n d i c a t e a p c t e n t i a l c o s t avoidance o f n e a r l y $400 m i l l i o n f o r spare p a r t s .
INTEGRATED BLADE INSPECTION SYSTEM
Automation o f key i n s p e c t i o n processes f o r a i r c r a f t t u r b i n e engine blades and vanes can increase i n s p e c t i o n r e l i a b i l i t y , r e p e a t a b i l i t y , and thoroughness. Automation a l s o reduced q u a l i t y assurance costs, both i n f i e l d overhaul a c t i v i t i e s and i n m i n u f a c t u r i n g . Recognizing these b e n e f i t s , Each module i s Visual I n s p e c t i o n Fluorescent Penetrant I n s p e c t i o n ( i n c l u d i n g p e n e t r a n t processing) X-Ray f o r M a t e r i a l I n t e g r i t y and I n t e r n a l Geometry Measurements= I n f r a r e d A i r f l o w Measurements ( f o r a i r -c o o l ed p a r t s )
The Visual I n s p e c t i o n Module (VIM) i n s p e c t s f o r a i r f o i l surface defects, such as dents, nicks and scratches. The f l u o r e s c e n t Penetrant I n s p e c t i o n Module (FPIM) i n s p e c t s f o r s u r f a c e f l a w i n d i c a t i o n s on p a r t s pre-processed by t h e Automated Fluorescent Penetrant Pre-Processing Module (AFPPM). The X-Ray I n s p e c t i o n Module (XIM) u t i l i z i n g " D i g i t a l Fluoroscopy" and "Computerized Tomography" i n s p e c t s f o r i n t e r n a l c a s t i n g f l a w s , such as gas p o r o s i t y , and manufacturing flaws, such as i n t e r n a l hole p o s i t i o n and dimensions. The I n f r a r e d I n s p e c t i o n Module ( I RI M) i n s p e c t s f o r i n t e r n a l c o o l i n g passage and s u r f a c e c o o l i n g hole blockages. Each module o f the I B I S system i n t e r f a c e s t o an I n f o r m a t i o n Computer System (ICs) , which manages i n s p e c t i o n data v i a an i n t e g r a t e d a i r f o i l data base. An i m p o r t a n t b e n e f i t o f the system i s i n s p e c t i o n r e l i a b i l i t y . Formerly, v i r t u a l l y a l l p a r t i n s p e c t i o n s were performed manually and were, consequently, s u b j e c t t o human l i m i t a t i o n s . improving r e l i a b i l i t y , t h i s automated system o f f e r s g r e a t e r speed and accuracy.
I n sumnary, the computer-based automatic pre-processing and i n s p e c t i o n systems o f I B I S o f f e r numerous b e n e f i t s :
Along w i t h Improved i n s p e c t i o n r e l i a b i l i t y and Enhanced i n s p e c t i o n thoroughness Increased i n s p e c t i o n p r o d u c t i v i t y Automatic i n f o r m a t i o n storage and r e t r i e v a l Feedback f o r process c o n t r o l C o m p a t i b i l i t y w i t h ICAM ( I n t e r a t e d
Computer Aided Manufacturing! "Factory-of-the-Future" concepts Beyond i t s i n e d i a t e a p p l i c a t i o n a t SA-ALC, I B I S has p o t e n t i a l f o r broad a p p l i c a t i o n a t o t h e r m i l i t a r y and commercial overhaul f a c i l i t i e s and a i r c r a f t engine and a i r f o i l p a r t manufacturing p l a n t s .
S i g n i f i c a n t new technology implemented under t h e I R I S c o n t r a c t s i s a l r e a d y y i e l d i n g r e t u r n s i n o t h e r areas o f a p p l i c a t i o n . I n t h e f u t u r e , I B I S can be expanded t o i n c l u d e o t h e r a i r f o i l p a r t n o n d e s t r u c t i v e i n s p e c t i o n techniques and can be m o d i f i e d t o p e r m i t i n s p e c t i o n o f o t h e r types o f a i r c r a f t engine p a r t s . impact o f t h i s technology i s , indeed, profound.
(ARIS) m i l i t a r y a i r c r a f t has grown s i g n i f i c a n t l y i n r e c e n t years, e.g., the F-15 i s approximately 2 percent composite by weight compared t o the more r e c e n t AV-8B which i s approximately 3 1 percent by weight. A s i p n i f i c a n t p o r t i o n o f t h e increased use o f composites i n v o l v e s e s s e n t i a l a i r c r a f t s t r u c t u r a l components, e.g., wings, s t a b i l a t o r s , c o n t r o l surfaces, etc. Consequently, r e g u l a r i n s p e c t i o n o f these s t r u c t u r e s a t m i l i t a r y i n s t a l l a t i o n s w i l l become i n c r e a s i n g l y necessary t o h e l p assure adequate s t r u c t u r a l i n t e g r i t y . To meet these i n s p e c t
i o n requirements, a p r a c t i c a l f i e l d i n s p e c t i o n c a p a b i l i t y i s needed w i t h a t t r i b u t e s such as easy p o r t a b i l i t y , high p r o d u c t i v i t y , user f r i e n d l i n e s s , good r e p r o d u c i b i l i t y , and hardcopy o u t p u t o f the i n s p e c t i o n r e s u l t s . The automated r e a l -t i m e i n a g i n g system (ARIS) i n c l u d e s these f e a t u r e s as w e l l as r e a l -t i m e d i s p l a y o f the examination r e s u l t s a t t h e l o c a t i o n o f t h e i n s p e c t o r on t h e a i r c r a f t .
A R I S provides automated, simultaneous r e c o r d i n s o f u l t r a s o n i c data and search u n i t p o s i t i o n i n f o r m a t i o n d u r i n g a manually scanned i n s p e c t i o n o f composite and bonded a i r c r a f t r e p e a t a b i l i t y I n s h o r t , t h e
IN-SERVICE INSPECTION SYSTEM FOR COMPOSITES
The use o f composite s t r u c t u r e s i n s t r u c t u r e s w i t h r e a l -t i m e scan coverage and processed data d i s p l a y s . During an examinat.ion, t h e search u n i t p o s i t i o n i s c o n t i n u a l l y monitored u s i n g an a c o u s t i c r a n g i n g subsystem. T h i s subsystem t r a n s m i t s t i m e -o f -f l i g h t i n f o r m a t i o n t o t h e c e n t r a l processor which i n t u r n c a l c u l a t e s p o s i t i o n by t r i a n g u l a t i o n c a l c u l a t i o n s . The data and a r e a l -t i m e 16 c o l o r d i s p l a y i s provided. The r e a l -t i m e d i s p l a y shows p a r t boundaries and i n d i c a t e s where f l a w s have been detected and where search u n i t coverage has occurred. This l a s t f e a t u r e assures complete i n s p e c t i o n coverage which i s o f t e n a concern w i t h manual examinations.
Some i m p o r t a n t f e a t u r e s o f t h e A R I S a r e : P o r t a b i l i t y and f a s t o n -s i t e setup V e r s a t i l i t y -compatible w i t h manual UT Pulse echo and through transmission modes The assurance t h a t m i l i t a r y equipment i s capable o f a c h i e v i n g i t s d e s i r e d performance goal w i t h acceptable c o s t i s an area o f major A i r Force concern. Nondestructive e v a l u a t i o n (NFE) i s a s i g n i f i c a n t c o n t r i b u t o r t o t h i s general area i n b o t h p r o d u c t i o n and maintenance. U l t r a s o n i c i n s p e c t i o n methods a r e e x t e n s i v e l y s p e c i f i e d and implemented on m a t e r i a l and s t r u c t u r a l components t o m a i n t a i n o p e r a t i o n a l readiness. The o b j e c t i v e o f t h i s program i s low c o s t , r e l i a b l e , modular u l t r a s o c i c NDE equipmect based on the l a t e s t advancements i n u l t r a s o n i c c i r c u i t r y , transducer design, e l e c t r o n i c s , f a b r i c a t i o n technology, standards , and packaging. The r e s u l t i n g p u l s e r / r e c e i v e u n i t s w i l l be a p p l i c a b l e i n a wide v a r i e t y o f u l t r a s o n i c i n s p e c t i o n s i t u a t i o n s from manual hand-scanning t o t h e more advanced case o f computer automated data a c q u i s i t i o n , a n a l y s i s , readout, and storage. R e l i a b l e i n s p e c t i o n o f a l l m e t a l l i c and composite a i r f r a m e and p r o p u l s i o n system m a t e r i a l s i n a wide range o f a p p l i c a t i o n s i s r e q u i r e d . Maintenance i n s p e c t i o n c o s t s w i l l be reduced i n terms o f manpower requirements. Nide usage i s expected i n USAF d e p o t / f i e l d i n s p e c t i o n a c t i v i t i e s , o t h e r DoD agencies, and p r o d u c t i o n a c t i v i t i e s o f engine and a i r f r a m e manufacturers. Greater r e l i a b i l i t y c f , and confidence i n , t h e NDE equipment w i l l extend t h e u s e f u l l i f e o f components. Equipment p r o d u c i b i l i t y must be a t t h e lowest c o s t commensurate w i t h performance demands. An
instrument
Operator appeal -LCD F l e x i b l e design -modular User f r i e n d l i n e s s -menu o p e r a t i o n B a t t e r y l i f e -4 h r min Weight -30 l b s max
The Advanced Pulser/Receiver i s s u b s t a n t i a l l y improved r e l a t i v e t o o t h e r p o r t a b l e s . A 300 v o l t square wave p u l s e r g i v e s the instrument p e n e t r a t i o n power and accurate frequency cont,rol t o improve t e s t x-ray a b s o r p t i o n reasurements made around an o b j e c t ' s p e r i p h e r y ( a scan). t h e image w i l l depend upon t h e v a t u r e o f the x-Ray source and t h e d e t e c t o r s , t h e numbers and speed o f t h e measurements made, t h e d e t a i l s o f t h e r e c o n s t r u c t i o n technique ( a l g o r i t h m ) , t h e machine c h a r a c t e r i s t i c s , and t h e methods o f data d i s p l a y and i n t e r p r e t a t i o n . CT was pioneered hy t h e medical a v i a b l e method f o r i n s p e c t i n g m a t e r i a l s . CT o f f e r s , f o r t h e f i r s t time, a q u a n t i t a t i v e .
form o f radiography t h a t i s m a r r i e d t h e d i g i t a l computer w i t h a l l o f i t s v e r s a t i l i t y . By e l i m i n a t i n g f i l m o r f l u o r e s c e n t screens, CT a l l o w s m e c h a n i c a l / e l e c t r o n i c i n s p e c t i o n of p a r t s and e l e c t r o n i c s r e s o l u t i o n (imaging) o f areas o f m a t e r i a l s undetectable by any f i l m method now a v a i l a b l e . The f a c t t h a t CT i s d i g i t a l and n o t analog a l l o w s easy and f a i t h f u l r e p r o d u c t i o n o f s t o r e d images, t i m e and t i m e again because g r a y l e v e l s a r e represented by numbers e a s i l y handled by computers. Computed Tomography has s u p e r i o r l a r g e area, low c o n t r a s t r e s o l u t i o n s o f images. t o two percent c o n t r a s t d i f f e r e n c e s . e q u i v a l e n t c o n t r a s t r e s o l u t i o n o f q u a l i t y CT images i s 0.1 t o 0.2%, an o r d e r o f magnitude improvement.
Two CT systems were b u i l t f o r t h e i n s p e c t i o n and e v a l u a t i o n o f i n d i v i d u a l components and f u l l y assembled motors. I (AF/ACTS-I) has t h e c a p a b i l i t y f o r r a p i d i n s p e c t i o n of r e l a t i v e l y small (l-M-dia) o b j e c t s such as t a c t i c a l r o c k e t motors and components and carbon-carbon i n t e g r a l t h r o a t entrances. System I 1 (AF/ACTS-11) i s capable o f d e t a i l e d i n s p e c t i o n o f v e r y l a r g e (2.5-M-dia) s o l i d r o c k e t motors and components. overcome, i n a c o s t e f f e c t i v e manner, t h e c u r r e n t t e c h n i c a l l i m i t a t i o n s t o t h e use o f c u r r e n t l y a v a i l a b l e CT systems f o r i n d u s t r i a l i n s p e c t i o n a p p l i c a t i o n . Both systems p r o v i d e a s u f f i c i e n t s e n s i t i v i t y and r e s o l u t i o n t o d e t e c t p e r n i c i o u s f l a w s a t a reasonable cost. Standard X-ray f i l m s can d i s c e r n one
The System These systems a r e designed t o 
ADVANCED ULTRASONIC NDE TRANSDUCERS The A i r Force Manufacturing Technology D i r e c t o r a t e has recognized t h e need i n t h i s area o f technology and has been a t t e m p t i n g t o fund such a program f o r more than a decade. I n t h e meantime, t h e technology and t h e data base have improved r e n d e r i n g t h i s a v e r y t i m e l y program t o p u t i t a l l i n p e r s p e c t i v e and make i t a v a i l a b l e t o t h e transducers s u p p l i e r s . Transducer e v a l u a t i o n programs have shown t h a t t h e r e i s g r e a t v a r i a b i l i t y i n t h e performance o f commercially a v a i l a b l e transducers which a r e n o m i n a l l y o f t h e same type. T h i s c o n d i t i o n s t i l l e x i s t s d e s p i t e t h e f a c t t h a t r i c h research 1 i t e r a t u r e extending f o r over 40 years addresses t h e behavior o f u l t r a s o n i c transducers. T h i s l i t e r a t u r e i s f u l l y adequate and describes technology which, i f applied, w i l l a l l o w r e p r o d u c i b l e transducers t o be made commercially. t h e f a i l u r e t o d i f f u s e t h i s knowledgp i n t o p r a c t i c e i s t h a t t h e behavior o f transducers i s perceived by many users and f a b r i c a t o r s t o be t o complex t o describe. As a consequence, e m p i r i c a l and a r t i s a n methods a r e s t i l l used i n transducer design, f a b r i c a t i o n , and e v a l u a t i o n . t h e l a c k o f a d e f i n i t i v e transducer P a r t o f The second i m p o r t a n t roadblock i s s p e c i f i c a t i o n standard and o f t h e t o o l s t o measure transducer performance a g a i n s t t h i s standard. Without t h e s p e c i f i c a t i o n and
I t i s recognized t h a t t h e i n s p e c t i o n needs o f t h e U n i t e d States A i r Force and o t h e r users a r e w i d e l y d i v e r g e n t and cannot be met by a simple s e t o f transducers under vague procurement s p e c i f i c a t i o n s . The user needs t h e methodology t o b e t t e r s p e c i f y transducer performance c h a r a c t e r i s t i c s and t h e manufacturer needs t o i n c o r p o r a t e p r o d u c t i o n techniques which w i l l r e s u l t i n transducers meeting t h e performance s p e c i f i c a t i o n . S p e c i f i c program o b j e c t i v e s are:
a f f e c t performance.
transducer procurement.
and e v a l u a t i o n t o o l s needed t o s p e c i f y , manufacture, and measure performance o f u l t r a s o n i c transducers Disseminate f a b r i c a t i o n methods and e v a l u a t i o n t o o l s t o t h e transducer i n d u s t r y and e s t a b l i s h user confidence t h a t transducers w i t h r e l i a b l e
performance can be r e g u l a r l y procured.
The o v e r a l l
I d e n t i f y t h e c r i t i c a l parameters which E s t a b l i s h a p e n e r i c s p e c i f i c a t i o n f o r E s t a b l i s h v a l i d a t e d f a b r i c a t i o n methoes Ke expect t h i s program t o c o n s o l i d a t e transducer technology by e s t a b l i s h i n g a u c i f o r m system o f s p e c i f i c a t i o n s f o r u l t r a s o n i c NDE transducers. AIRCRAFT YANUFACTURING QUALITY ASSURANCE USING PHOTOGRAMMETRIC TECHNIQUES General Dynamics, F o r t Worth D i v i s i o n , has completed under c o n t r a c t t o t h e Manufacturing Technology D i r e c t o r a t e o f t h e Wright Research and Development Center, a 'program t o e s t a b l i s h t h e use o f photogrammetric metrology f o r r o u t i n e assembly t o o l alignment v e r i f i c a t i o n . H i s t o r i c a l l y , t h e a i r c r a f t i n d u s t r y has c o n t r o l l e d t h e dimensional i n t e g r i t y o f major a i r c r a f t component assembly t o o l s by means o f component master qages (COMG). P e r i o d i c a l l y t h e CORG, which i s used i n manufPcturing t h e t o o l , i s r e i n s t a l l e d t o assure f i d e l i t y t o t h e o r i g i n a l c o n f i g u r a t i o n --a process c a l l e d P e r i o d i c I n s p e c t i o n ( P I ) . I n a d d i t i o n t o t h e l a b c r r e q u i r e d f o r t h e P I , t h e r e a r e p e n a l t i e s o f p r o d u c t i o n downtime and l o s t p r o d u c t i v i t y . Photogrammetric techniques v e r i f y t h e t o o l alignment w i t h l i t t l e o r no p r o d u c t i o n
downtime and 1/4 t o 1/10 t h e c o s t o f conventional P I . T h e o d o l i t e techniques a r e used t o supplement photography f o r e s t a b l i s h i n g metrology baselines and f o r areas r e q u i r i n g g r e a t e r accuracy.
comprehensive use o f close-range a n a l y t i c
P h o t o g r a m e t r i c P I was implemented on 36 assembly t o o l s , o f 8 f a m i l i e s , f o r t h e F-16. These i n c l u d e complex assemblies such as t h e c e n t e r fuselage and a f t fuselage. 
t s . T h i s program has r e s u l t e d i n a f o l l o w -o n e f f o r t t o r e a l i g n t h e t o o l s w i t h o u t t h e use o f t h e COMG and then t o t h e concept o f Gageless Tool F a b r i c a t i o n . This a l l o w s t o o l s t o be ready f o r p r o d u c t i o n i n 6 months i n s t e a d
o f 18 months o r more when a master gage is required.
EDDY CURRENT SURFACF INSPECTION OF DISKS
(EC 11) system capable o f eddy c u r r e n t i n s p e c t i o n o f c r i t i c a l areas on r o t a t i n g a i r c r a f t t u r b i n e engine p a r t s , such as d i s k s . The c r i t i c a l i n s p e c t i o n areas i n c l u d e bores, rabbet r a d i i , b o l t h c l e s , c o o l i n g holes, and d o v e t a i l s l o t s . Surface connected f l a w s 0.030 i n c h l o n g by 0.005 i n c h deep w i t h a s i g n a l -t o -n o i s e r a t i o n o f two a r e l o c a t e d and r e p o r t e d w i t h h i g h a degree o f r e l i a b i l i t y . The system provides f o r t h e automatic scanning, s i g n a l processing, d e c i s i o n making, data storage and p r e p a r a t i o n o f p r i n t -o u t r e p o r t s showing l o c a t i o r s o f d e t e c t a b l e flaws. The m a n i p u l a t o r provides s i x axes o f encoded motion and t h e r o t a t i n g probe provides t h e seventh. T h i s a l l o w s t h e system t o inspect. any geometric s u r f a c e and r e p o r t t h e f l a w l o c a t i o n s . A d d i t i o n a l f e a t u r e s o f t h e system i n c l u d e a s e l f -t e a c h node, automatic r e -c a l i b r a t i o n o f t h e eddy c u r r e n t i n s t r u m e n t a t i o n u s i n g p i e c e p a r t standards, and a s i m p l i f i e d , automatic e v a l u a t i o n r o u t i n e . The eddy c u r r e n t i n s p e c t i o n probes a r e designed f o r self-compliance t o t h e p a r t ; both u n i v e r s a l type and s p e c i a l i z e d probes a r e used and a r e changed manually. The equipment can handle p a r t s up t o 250 pounds i n weight and 44 inches diameter by 20 inches h i g h a t a scan r a t e o f 
INSPECTION FOR CRACKS UNDER FASTENERS T h i s EC I 1 System was a (AUTOSCAN-I )
A major c o s t i t e m i n t h e l i f e management o f A i r Force a i r c r a f t i s t h e r e c u r r i n g need t o conduct i n s p e c t i o n s t o d e t e c t cracks under i n s t a l l e d f a s t e n e r s i n a i r c r a f t s t r u c t u r e s . The o n l y e f f e c t i v e means of d e t e c t i n g cracks on t h e o r d e r o f 0.1 i n c h r a d i a l depth o r s m a l l e r i n t h e f i r s t -l a y e r s t r u c t u r e has i n v o l v e d removal o f t h e f a s t e n e r , performance o f v i s u a l and eddy-current i n s p e c t i o n s , c l e a n up of t h e hole, and i n s t a l l a t i o n o f a new o v e r s i z e fastener.
The removal and replacement o f f a s t e n e r s i s n o t o n l y t i m e consuming and, t h e r e f o r e , expensive, b u t a l s o can shorten t h e s t r u c t u r a l l i f e t i m e o f t h e a i r c r a f t i f t h e h o l e i s damaged when a f a s t e n e r i s removed o r i n s t a l l e d .
The Autoscan-I U l t r a s o n i c Flaw D e t e c t o r was designed t o achieve l a b o r a t o r y -q u a l i t y ultrasonic-flaw-detection c a p a b i l i t y under f i e l d c o n d i t i o n s . The instrument uses focused u l t r a s o n i c transducers operated i n t h e pulse-echo mode t o d e t e c t o r f a t i g u e cracks i n t h e f i r s t l a y e r o f a i r c r a f t s t r u c t u r e s . The autoscan instrument c o n s i s t s o f t h r e e major u n i t s ; a scanner, a p u l s e r / r e c e i v e r u n i t , and a c i r c u l a r d i s p l a y u n i t . used i n t h e instrument. The u l t r a s o u n d i s coupled i n t o t h e i n s p e c t i o n l a y e r by means o f a w a t e r -f i l l e d rubber b o o t which s l i d e s on a m i n e r a l -o i l u l t r a s o n i c couplant. Two transducers a r e used i n t h e instrument t o p r o v i d e redundant i n s p e c t i o n o f an area. One transducer i s a c t i v e when t h e scanner r o t a t e s clockwise about a f a s t e n e r , and t h e o t h e r transducer i s a c t i v e when t h e scanner r o t a t e s counterclockwise about t h e f a s t e n e r .
Two focused u l t r a s o n i c transducers a r e An eddy-current c e n t e r i n g system, i n d i c a t e s t o an o p e r a t o r t h e d i r e c t i o n i n which t o move t h e instrument i n o r d e r t o c e n t e r i t over a fastener; provides f o r p r e c i s e p o i n t i n g o f t h e u l t r a s o n i c beams. The instrument can be centered over flush-mounted, countersunk s t e e l o r t i t a n i u m f a s t e n e r s i n aluminum s t r u c t u r e s . I t can a l s o be centered over holes from which t h e f a s t e n e r g have been removed. The p r e c i s e p o s i t i o n i n g C a p a b i l i t y o f the eddy-current c e n t e r i n g system a l l o w s the use o f focused transducers which p r o v i d e much h i g h e r s e n s i t i v i t y than non-focused transducers.
The Autoscan i s capable o f i n s p e c t i n g through m a t e r i a l thickness up t o one i n c h and f o r h o l e diameters o f 0.188 t o 0.500 inches. T h i s system i s e f f e c t i v e f n r i n s p e c t i n g f o r cracks i n t h e second l a y e r o f s t r u c t u r e i n m a t e r i a l thicknesses o f 0.500 inches f o r each l a y e r . Low Frequency Eddy-Current has been s u c c e s s f u l l y used i n i n s p e c t i n g f o r cracks i n t h e second l a y e r .
CAPACITANCE HOLE PROBE
The Capacitance Hole Probe (CHP), now known as a system ( CMsP, was conceived t o reduce t h e c o s t o f i n s p e c t i n g f a t i g u e c r i t i c a l fastener holes on t o d a y ' s advanced a i r c r a f t w h i l e s t i l l m a i n t a i n i n g q u a l i t y . The system checks t h e i n t e r i o r c h a r a c t e r i s t i c s o f these holes t o assure conformance w i t h engineering s p e c i f i c a t i o n s . The o r i g i n a l CHP was designed t o i n s p e c t tapered holes f o r t a p e r l o c k fasteners b u t was l a t e r a p p l i e d t o s t r a i g h t holes. The CHP i s based on t h e concept o f mounting one p l a t e of a c a p a c i t o r onto a probe t h e s i z e and shape o f t h e f a s t e n e r and a l l o w i n g t h e h o l e w a l l t o a c t as t h e o t h e r p l a t e . E l e c t r i c a l capacitance v a r i e s w i t h t h e d i s t a n c e between t h e p l a t e segment, o r element, and t h e surface o f t h e h o l e . T h i s provides a measure o f h o l e s i z e , o u t o f round, and bell-mouthed o r b a r r e l l i n g . f i n i s h , scratches, o r r i f l i n g i n t h e h o l e w i l l reduce t h e capacitance and a r e measured by developed algorithms. The CHP system uses probe t i p s w i t h 48 elements i n s i x rows o f e i g h t . The Sensing Device takes t h e capacitance The E l e c t r o n i c s U n i t converts t h e measurements. measurements i n t o data s u i t a b l e f o r processing by t h e computer. The Computer, a Hewlett-Packard 9826, receives and analyzes the data, s t o r e s i t and n o t i f i e s t h e o p e r a t o r o f t h e a c c e p t / r e j e c t d e c i s i o n . The C o n t r o l U n i t (hand h e l d ) a l l o w s t h e o p e r a t o r t o have remote c o n t r o l o f t h e system a t t h e work s i t e and promptly d i s p l a y s i n s p e c t i o n r e s u l t s .
The computer p u l l s from memory t h e s p e c i f i c a t i o n requirements and a c c e p t / r e j e c t c r i t e r i a f o r t h e h o l e t o be inspected. The o p e r a t o r i n s e r t s t h e probe i n t h e h o l e and presses t h e t r i g g e r s w i t c h on t h e c o n t r o l box. I n t h r e e seconds t h e accept, r e j e c t , o r r e t e s t l i o h t i n d i c a t e s t h e r e s u l t s . Hole diameters a r e determined w i t h i n 0.0002 inch. A p r i n t -o u t graph shows t h e diameter v a r i a t i o n f o r each o f t h e e i g h t c i r c u m f e r e n t i a l segments a t t h r e e l e v e l s --t o p , middle, and bottom--with t o l e r a n c e l i m i t s . O v a l i t y , bellmouthing, o r b a r r e l l i n c a r e r e a d i l y seen. The CMS may be almost any surface, t o check c h a r a c t e r i s t i c s a n g u l a r i t y , o r a c t u a l dimensional d e v i a t i o n o f used w i t h a custom-desioned sensing d e v i c e f o r such as degree o f curvature, f l a t n e s s , a curved surface.
AUTOMATED PARTS HANDLING AND DIMENSIONAL VERIFICATION SYSTEM
The o b j e c t i v e o f t h i s program was t o demonstrate t h e c a p a b i l i t y o f an o f f -l i n e m u l t i -s t a t i o n , automated dimensional v e r i f i c a t i o n system t o c o n t r i b u t e t o t h e p r o d u c t i v i t y o f a complex p r o d u c t i o n l i n e . The system i s capable o f processing a wide v a r i e t y o f p a r t s , w h i l e m a i n t a i n i n g i n s p e c t i o n accuracy and d a t a processing i n t e g r i t y . The product o f t h i s program i s c a l l e d t h e F l e x i b l e I n s p e c t i o n System (F1S)--a t o t a l l y automated dimensional i n s p e c t i o n f a c i l i t y impleniented i n t h e Boeing Aerospace ALCM f a c t o r y a t t h e Kent Space Center near S e a t t l e . The system demonstrates t h e i n t e r a c t i o n of several l e v e l s o f r o b o t i c s , automated i n s p e c t i o n , and automated m a t e r i a l h a n d l i n g coordinated by a c e n t r a l "host" computer system. The establishment implementation and demonstration o f t h i s system represents a s i g n i f i c a n t c o n t r i b u t i o n on t h e p a r t o f Q u a l i t y Assurance toward t h e F a c t o r y o f t h e Future. i n t e g r a t i o n o f r o b o t i c s , p a r t s h a n d l i n g and dimensional i n s p e c t i o n techniques compatible w i t h h i g h p r o d u c t i v i t y manufacturing, r e s u l t i n g i n g r e a t l y reduced i n s p e c t i o n c o s t s , improved p r o d u c t i o n throughout, and e s t a b l i s h e d a c o n s i s t e n t l e v e l o f t e c h n o l o g i c a l s o p h i s t i c a t i o n i n t h e modern aerospace f a c t o r y . The automated c o o r d i n a t i o n l i n k between t h e automated subsystems o f t h e FIS represents one o f t h e s i g n i f i c a n t accomplishments o f t h e system development. The a c t i v i t i e s o f t h e FIS a r e coordinated by a c e n t r a l "host" computer. The i n s p e c t i o n equipment i n c l u d e s two c o o r d i n a t e measuring machines--one v e r t i c a l arm and one h o r i z o n t a arm--and a multipurpose r o b o t i c gage s t a t i o n T h i s s t a t i n n c o n s i s t e d o f a f u l l y automatic u l t r a s o n i c t h i c k n e s s gage f o r ALCM wing s k i n manipulated by a PUMA r o b o t . The m a t e r i a l h e n d l i n g system c o n s i s t s o f a Hyster b u i l t , w i r e guided, RF r a d i o c o n t r o l l e d l i f t t r u c k known as t h e Storage and Retrieved V e h i c l e (SRV) .
proven an a c t u a l averaae r e d u c t i o n i n i n s p e c t i o n t i m e by 90% on ALCM p a r t s . The FIS i s now being used by Boeing commercial a i r c r a f t proc'uction i n s p e c t i o n .
The
Demonstrated FIS performance has
